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(54) METHOD FOR DETECTING FLAW INSIDE OBJECT, APPARATUS FOR LOCATING THE FLAW, AND 

DISPLAY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method in which a flaw inside an object can be located precisely, in 
which the size of the flaw can be measured precisely, which can be automated and which is objective when the 
method is used for a complicated shape, a complicated size and an uneven surface to be heated. 

SOLUTION: A system which partitions a flaw inside an object is composed of a heater which heats the surface of 
the object, of a recorder which records the intensity of a pixel on the heated surface, of a means which decides 
the contrast of the pixel on the basis of the intensity of the pixel and of a means which decides the size and the 
position of the flaw inside the object on the basis of the contrast of the pixel. Then, the contrast of every pixel is 
monitored regarding a continuous thermal image, and the position of the flaw inside the object is decided by using 
the contrast of the pixel. The surface of the object and the flaw which is situated under it are drawn on an image 
print at a color spectrum which is related to the depth of the flaw having a specific color. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A detecting method of a crack within a subject which has the surface divided into 
arrangement of a resolving element characterized by comprising the following. 

A process of heating the surface of a subject. 

A process of recording two or more thermal images of each resolving element corresponding to a 
pixel on said heated surface over predetermined time. 

A process of determining intensity of each pixel about each pixel of said pixel in each of said 
thermal image. 

A process of determining average pixel intensity about each thermal image. 

A process of acquiring contrast of a pixel about each of said pixel in each of said thermal image 
by deducting said average pixel intensity from intensity of each pixel of said. 

A process of determining the depth of a crack within said subject based on contrast of said pixel. 

[Claim 2]Contrast of said pixel is used, a peak of the pixel contrast is acquired, and they are the 
following formulas. [Equation IJThe method of determining the depth of a crack by, as for 
l=root (kappataUpeak/3), however taupeak, I's using the depth of a crack for peak time, using it, and 
kappa's using the thermal diffusivity of a subject, and determining the position of a crack 
according to claim 1 . 

[Claim 3]A method according to claim 1 which calculates time differential of contrast of said 
pixel and is characterized by determining the depth of a crack by acquiring a peak of 
differentiation contrast. 

[Claim 4]The following formulas [Equation 2]The method of, as for l=(pi/2) root (kappatauc), 
however tauc, I's using the depth of a crack for specific time constants, using it, and kappa's using 
the thermal diffusivity of a subject, and determining the depth of a crack according to claim 3. 
[Claim 5]The following formulas [Equation 3]The method of, as for l=piroot (kappataUc), 
however taUc, I's using the depth of a crack for specific time constants, using it, and kappa's using 
the thermal diffusivity of a subject, and determining the depth of a crack according to claim 3. 
[Claim 6]A method according to claim 1 including a process of generating an image print of a 
subject which displays the depth of a crack, and a lateral position using a color spectrum. 

[Claim 7]A device which positions a crack within a subject which has the surface which can be 
visualized as arrangement of a pixel, comprising: 

A heater which heats the surface of a subject. 

A recorder which records intensity of a pixel. 

A means to determine contrast of a pixel from intensity of said pixel. 

A means to determine the depth and a position of a crack within said subject based on contrast of 
said pixel. 

[Claim 8]The device according to claim 7, wherein said heater is a flash lamp, a quartz mercuiy- 
lamp, a microwave device, or laser. 



[Claim 9]The following formulas[Equation 4]The device according to claim 7, as for l=root 
(kappataUpeak/3), however taupeak, I’s using the depth of a crack for peak time, using it, and 
kappa's using the thermal diffusivity of a subject, and determining the depth of each crack from 
the contrast of said pixel. 

[Claim lOJThe following formulas [Equation 5]The device according to claim 7, as for l=(pi/2) 
root (kappatauc), however tauc, I's using the depth of a crack for specific time constants, using it, 
and kappa's using the thermal diffusivity of a subject, and determining the depth of each crack 
from the differential coefficient of the contrast of said pixel. 

[Claim 1 l]The following formulas [Equation 6]The method of, as for l=piroot (kappataUc), 
however taUc, I's using the depth of a crack for specific time constants, using it, and kappa's using 
the thermal diffusivity of a subject, and determining the depth of each crack from the differential 
coefficient of the contrast of said pixel according to claim 7. 

[Claim 12]The device according to claim 7 containing a means to generate an image print which 
displays the depth of a crack, and a lateral position using a color spectrum. 

[Claim 13]A display of a crack of a subject in which it has the surface shown by two or more 
resolving elements characterized by comprising the following. 

A color spectrum relevant to the depth and mutual. 

A means to determine the depth of a crack under each resolving element of the surface of said 
subject. 

A means to display the depth of a crack, and the surface of a subject which has a crack drawn by 
a color relevant to mutual. 

[Claim 14]The display according to claim 13 containing with a means to display a crack on an 
image print. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[Field of the Invention] This invention relates to the imaging technology which displays the 
nondestructive tests and these cracks of the subject which determines the depth of the crack 
(defect) under the surface, and a lateral position especially using unsteady thermography 
(transient thermography) about a nondestructive test. 

[ 0002 ] 

[Description of the Prior Art]Various art containing the unsteady thermography depending on 
transfer of the heat which passes along a subject in predetermined time can determine existence 
of the crack within a subject. By catching the data of a series of picture arrangement using an 
infrared camera, while heating the surface, the unsteady thermography method records the rise in 
heat of each resolving element (decomposition element), and analyzes this rise in heat. It consists 
of identifying whether the transition to a linear rise in heat takes place to the square root of 
cooking time. The rise in heat of this linearity show's existence of the crack within a subject. 

With the actual condition, this determination is difficult and becomes still more difficult with a 
complicated shape dimension and uneven heating. 



[0003]Tlie conventional unsteady thermography consists of analyzing each surface infrared 
image "snapshot" which the subject as a ftinction of time heated beforehand. Since heat cannot 
distribute by the crack, the crack under the surface is identified by the "hot spot" within the 
picture which emits the infrared rays of strong intensity. One of the problems of this 
conventional process is choosing one snapshot in analysis of unsteady thermography, when just 
right. It is important which snapshot is chosen because of analysis, and the best selection is based 
on the element of out of control and strange many like the depth of a crack, or a size. If the 
mistaken snapshot is chosen, the crack shown in a front snapshot or a subsequent snapshot is 
undetectable. 

[0004]In order to avoid use of a snapshot, the video recovery of the picture on which the 
inspector was recorded is seen, and the bright spot which shows a crack is identified visually. 
Cannot automate easily but the problem of this method has the high dependence to an operator. It 
is being unable to determine correctly the position (henceforth the "position") or size of the 
actual depth of that crack, and a transverse direction, even if it cannot apply to a complicated 
shape dimension or an uneven heated side easily and can detect a crack by this method. 

[0005]In the former, the crack was positioned by ultrasonic testing of the subject. The ultrasonic 
wave which invades from the surface substantially and is reflected by the crack within a subject 
is applied by the subject. The position of a crack can be determined based on time required to 
receive a reflected wave. 

[0006] 

[Problem(s) to be Solved by the InventionJUltrasonic testing carries out the mechanical scanning 
of the transducer over the whole surface by contact of the close sound wave needed. In order to 
enable contact of a close sound wave, the flow of the catalyst substance of a fluid or all the 
dipping of a subject must be used, but this is nonpermissible for a substantial reason in many 
cases. In addition to the problem of a process, this art is not helpful in order to examine a large 
subject and a complicated subject. Typically, in order to perform a several square meters 
mechanical scanning, it takes several hours. The scanning system for complicated parts is 
complicated, and geometrically expensive. 

[0007]It can be used for a complicated shape dimension and the uneven heated surface, 
positioning of the crack within a subject and measurement of a size can be performed correctly, 
it automates, and it is objective unsteady thermography depth imaging technology that it is 
required of this art. 

[0008] 

[Means for Solving the Problem]This invention relates to nondestructive test art of positioning a 
crack within a subject, and its device. This device consists of a heater which heats the surface of 
a subject, a recorder which records intensity of each pixel of the heated surface, a means to 
determine contrast of a pixel from surface intensity, and a means to determine a size and a 
position of a crack within a subject based on contrast of a pixel. 

[0009] A process at which this method heats the surface of a subject, and a process of recording a 
continuous thermal image of each surface resolving element over predetermined time, A process 
of determining contrast of each resolving element (pixel) about each surface continuous thermal 
image by determining average pixel intensity of the thermal image, and deducting average pixel 
intensity from intensity of each pixel, It consists of a process of determining a position of a crack 
within a subject based on contrast of a pixel. 

[ 0010 ] 

[Embodiment of the InventionjThis invention relates to the automatic non-destructive test 



method which determines the size and position of a crack within a subject using unsteady 
thermography analytical skills. This method is the method of using time-temperature data, in 
order to detect the crack within a subject objective by supervising change of the skin temperature 
of the heated thing to time, heats the surface of a subject and consists of supervising the thermal 
time constant about each pixel of the surface of a subject. In this application specification, a pixel 
is a picture element of the rectangle under picture arrangement, and a resolving element is a field 
of the rectangle of the surface of the subject corresponding to one pixel. 

[001 IJThe device used in order to heat the surface of a subject can heat the surface to sufficient 
temperature, in order to enable thermography surveillance. Typically, a thin subject, for example, 
the subject of the thickness below about 0.125 inch (0.57 mm), only needs heating of the 
minimum with a low temperature of about 1 ** as much as possible at the temperature of about 5 
** or less. On the other hand, a thick subject needs heating of a quite high temperature, for 
example, needs about 20 ** heating in a 0.5-inch thick subject. A color and the element of the 
surface containing emissivity are also important for the determination of the grade which heats a 
subject, and the heating maximum of the temperature which damages neither a subject nor its 
surface by a physical property is specified. 

[0012]In order to determine the position and size of a crack correctly, the surface of a subject is 
heated to a desired temperature in time short enough, and the remaining portion of a subject must 
be made not to be heated. Typically, although heating takes place with what [ for 1 second / 1/] 
with a thin material, it takes for several minutes with a flash plate with a thicker or large 
material. If heat invades into a subject, the flaw detecting accuracy near the surface of a subject 
will fall. For example, although the composite article of a 0.125-inch-thick graphite fiber and 
polymer can be heated in several milliseconds by the four MW thermal pulse from a flash lamp, 
By the 2-kW thermal pulse from a quartz mercury lamp, a 0.5-inch-thick subject does not have 
for several seconds, and must be heated for several minutes. Other possible heating methods 
include use, such as other conventional heating methods in which microwave, laser, and hot and 
high-speed heating are possible. 

[0013]If the surface of a subject is heated, an infrared video camera will record and memorize 
the continuous thermal image of the surface of a subject, and will record each of that pixel. It 
depends for the number of the pictures recorded on the resolution of a request of a thermal image 
produced as a result, the speed of a camera, and the damping time constant of a specific subject 
(see the following). Although one thermal image can be formed using about ten pictures, 
sufficient resolution can be typically provided by about 25 pictures, and the good resolution of a 
thermal image can be provided by about 100 pictures. Generally with the present video art, about 
500 or less pictures can be acquired, and about 25 or more pictures are preferred. 

[001 4] When arranging heating apparatus and a video camera to the same subject side, damping 
time constant tauc used in order to specify the time for obtaining a thermal image is obtained 
from the formula 4. Here, the depth is the thickness of a subject. 

[0015] 

[Equation 7]tauc=41.^/(pi\appa) — (1) 

However, when the thermal-diffusivity 1= depth camera and heater of a tauc= "peculiar" damping 
time constant kappa= subject have been arranged to the opposite hand of a subject, the 
coefficient 4 is omitted from (1) type. The time used in order that the inside of a subject may 
obtain a thermal image to a thermal balance after about 5 specific time constants by that of** 
which is ** is typically equal to damping time constant taUc of about 3 thru/'or about 5, or the 
damping time constant beyond it. 



[0016]The high-speed focal plane array camera or same device with a camera temperature 
sensitivity of at least about 0.01 ** thru/or about 0.02 ** of a video device is preferred from at 
least about 60 frames per second at the frame rate beyond about 250 or less frames per second or 
it. The minimum allowable resolution has the typically preferred resolution of 128x128 or more 
pixels depending on the solution resolution of a request of a final image print. 

[0017]The thermal image memorized in order to determine the contrast of each pixel by 
deducting the intensity (a) of each pixel [ in / for the average pixel intensity (b) of the picture (a 
butterfly and a point when good) / a point when just right ] is used. Next, this contrast is plotted 
to time about each pixel (refer to drawing 2) . As for the contrast of the portion of a crack, when 
the picture is acquired with a video camera, the number of pictures reaches a peak. If it may 
become a peak, the depth of a crack can be determined and the approximate value of the depth 
will be acquired by (2) types. 

[0018] 

[Equation 8]l=root (kappataUpeak/3) — (2) 

However, the "thermal-diffiisivity (2)” type of the medium measured by 1= depth tauc= "peculiar" 
damping time constant kappa=cgs unit cm^/sec, It is useful especially when it is a crack of 
"penetration heat" in which heat does not flow around a crack with the thickness of a crack (see 
the crack of the "penetration heat" of drawing 3 A to the crack of the "side heat" of drawing 3 B). 
[0019]However, when the diffusion rate of the surrounding heat of a crack is quicker than the 
diffusion rate of the heat which penetrates a crack (drawing 3 Bk the peak of contrast does not 
appear in the graph of the contrast of a pixel clearly (drawing 4) . Therefore, in order to determine 
the peak of differentiation contrast, a contrast curve is differentiated from time. The depth of the 
crack of "side heat" can be determined from the time of a peak using the following formulas 6. 
[ 0020 ] 

[Equation 9]The "thermal diffusivity" of the medium measured by inflection time kappa=cgs unit 
cm^/sec of the l=0.524piroot(kappataui) tauc=1.10taui, however 1= depth tauc= "peculiar" 
damping time constant tauj= differentiation peak 

The accuracy of example this invention was specified using the subject which has a series of flat 
cracks arranged carefully. As shown in drawing 6 . and 6 A, 6B and 6C, the cracks 1, 2, 3, 4, and 
5 have 22 same mm in diameter, and 1 .3 mm, 1 .6 mm, 1 .9 mm, 2.2 mm, and 2.5 mm differ from 
the depth, respectively. The cracks 6, 7, 8, 9, 10, and 1 1 have same depth of 1.3 mm, and have a 
different diameter of 22 mm, 16.5 mm, 1 1 mm, 8.25 mm, 5.5 mm, and 2.75 mm, respectively. 

The cracks 12, 13, and 14 have 33 same mm in diameter, and 1.3 mm, 1.9 mm, and 2.5 mm 
differ from the depth, respectively. 

[0021]The test parameter is as follows. (1) Each image frame consists of a NxN (it corresponds 
to resolving element of the surface of subject) pixel in case N is 256, (2) Typically, several Z of 
the image frame of the range of 1 thru/or 200 is [ 128 / N= ] 100 about 1 thru/or 400, and N= 

256, and (3) each pixel occupies 2 bytes of memory storage, and is shown by 12 numbers of bits 
from 0 to 4095 which shows thermal radiation intensity. 

[0022]A subject was heated for 0.010 second at about 5 ** by the four MW thermal pulse from a 
flash lamp. A high-speed focal plane array camera which operates it for about 25 seconds and 
has the resolution of a pixel of 256x256 after heating was used, intensity of each resolving 
element was recorded, and 12 bits showed each pixel. A user's parameter was determined and it 
put into a system. The system is provided with the following. 

A start-up frame number for using it for analysis (a frame taken before the surface was heated 
was omitted). 



Squelch constant. 

Noise suppression (a position of a pixel whose absolute value of what lengthened a starting value 
or the last value from a peak of a contrast curve is smaller than this constant is thrown away). 
Field of view (it is the distance from an infrared camera to a subject, and scaling is permitted, 
therefore determination of an exact size is permitted). 

A twice [ fixed contrast gain ] as many difference as average value of a pixel and a pixel was 
used for contrast of each pixel, and it determined it about average pixel intensity of the whole 
picture. This operation followed each pixel of each image frame which generates a contrast curve 
of a lot. Next, 6 point-lead method was used and a differential coefficient of each contrast curv e 
was determined. Information on a peak of differentiation contrast was memorized by controlling 
this information about a position of a pixel which shows storage, low contrast, or a noise for the 
number of image frames which generates a peak of each differentiation contrast curve. Next, the 
depth of a crack was determined using a position of an image frame which a peak of 
differentiation contrast produces. The depth of these cracks was visually shown using an 
intensity color spectrum as shown in drawing 7 . A number of a crack shown in drawing 7 . 
drawing 8. and drawing 9 is in agreement with a number of drawing 6 in which a crack detected 
by drawing 7. drawing 8 . and drawing 9 is shown. 

[0023] An image print of a crack was generated by assigning the number of peak frames 
memorized about each pixel to one of the colors in 16 color palettes shown in right-hand side of 
drawing 7. drawing 8 . and drawing 9 . This divided a total (16) of a color by a frame total (100), 
and performed it by applying the number of peak frames about a predetermined pixel. Next, this 
number was rounded off to an integral index, and it put into a color palette which chooses one of 
the 16 colors which can display this pixel. This process was repeated about all the picture 
element positions of a picture. This picture was made still better using four intensity levels of 
each color shown in the right from the left of a color palette of drawing 7 . drawing 8 . and 
drawing 9 . A maximum peak corresponds to the highest intensity (level 1) of a predetermined 
color, and the minimum peak corresponds to the minimum intensity (level 4) of a predetermined 
color (see drawing 7 . drawing 8 . and drawing 9) . 

[0024]By contrast, drawing 8 shows an image print by this invention which shows the 
conventional imaging technology depending on a snapshot of a strong profile. Since all the 
cracks were clear so that clearly from this drawing 8. when just right, a "snapshot" was taken on 
a good point. However, most cracks seem to arrange in the same depth. Therefore, the depth 
exact about which crack cannot be determined. It is difficult for the crack 1 1 to only look small 
and to specify as one crack. 

[0025] Drawing 9 is an image print which uses the conventional unsteady thermography, and 
provides information which gets confused similarly. In this figure, it seems that an edge of a 
crack is shallower than the central part of a crack. Therefore, although a crack is flat, it looks like 
a concave surface. The depth of a crack cannot be determined correctly. 

[0026]This invention provides many advantages compared with the conventional nondestructive 
test. That is, a personal error is removed substantially, positioning capability of a crack is 
provided, and a picture is simplified. The conventional process had only detected existence of a 
crack depending on surface single "snapshot", i.e., a personal error, depending on an operator 
which looks at many pictures. Although the depth and a size of a crack can be correctly 
determined in this invention, the depth is correctly undetectable in a conventional method 
[0027]According to this invention, as explained above, it can be used for a complicated shane 
dimension and the uneven heated surface, and positioning of a crack within a subject and 



measurement of a size can be performed correctly, it can automate and an objective method is 
provided. 

[0028]A system concerning this invention which positions a crack within a subject, A heater 
which heats the surface of a subject, and a recorder which records intensity of each pixel on the 
heated surface, It consists of a means to determine contrast of a pixel from intensity of a pixel, 
and a means to determine a size and a position of a crack within a subject based on contrast of a 
pixel, Contrast of each pixel is supervised about a continuous thermal image, and a position of a 
crack within a subject is determined using contrast of these pixels. A crack in the surface of a 
subject and the bottom of it is drawn on an image print of a color spectrum relevant to [ which 
have a specific color / the depth of a crack and mutual ]. 



TECHNICAL FIELD 



[Field of the InventionJThis invention relates to the imaging technology which displays the 
nondestructive tests and these cracks of the subject which determines the depth of the crack 
(defect) under the surface, and a lateral position especially using unsteady thermography 
(transient thermography) about a nondestructive test. 



PRIOR ART 

[Description of the Prior ArtJVarious art containing the unsteady thermography depending on 
transfer of the heat which passes along a subject in predetermined time can determine existence 
of the crack within a subject. By catching the data of a series of picture arrangement using an 
infrared camera, while heating the surface, the unsteady thermography method records the rise in 
heat of each resolving element (decomposition element), and analyzes this rise in heat. It consists 
of identifying whether the transition to a linear rise in heat takes place to the square root of 
cooking time. The rise in heat of this linearity shows existence of the crack within a subject. 

With the actual condition, this determination is difficult and becomes still more difficult with a 
complicated shape dimension and uneven heating. 

[0003]The conventional unsteady thermography consists of analyzing each surface infrared 
image "snapshot" which the subject as a fimction of time heated beforehand. Since heat cannot 
distribute by the crack, the crack under the surface is identified by the "hot spot" within the 
picture which emits the infrared rays of strong intensity. One of the problems of this 
conventional process is choosing one snapshot in analysis of unsteady thermography, when just 
right. It is important which snapshot is chosen because of analysis, and the best selection is based 
on the element of out of control and strange many like the depth of a crack, or a size. If the 
mistaken snapshot is chosen, the crack shown in a front snapshot or a subsequent snapshot is 
undetectable. 

[0004] In order to avoid use of a snapshot, the video recovery of the picture on which the 
inspector was recorded is seen, and the bright spot which shows a crack is identified visually. 



Cannot automate easily but the problem of this method has the high dependence to an operator, It 
is being unable to determine correctly the position (henceforth the "position") or size of the 
actual depth of that crack, and a transverse direction, even if it cannot apply to a complicated 
shape dimension or an uneven heated side easily and can detect a crack by this method. 

[0005]In the former, the crack was positioned by ultrasonic testing of the subject. The ultrasonic 
wave which invades from the surface substantially and is reflected by the crack within a subject 
is applied by the subject. The position of a crack can be determined based on time required to 
receive a reflected wave. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the InventionJUltrasonic testing carries out the mechanical scanning 
of the transducer over the whole surface by contact of the close sound wave needed. In order to 
enable contact of a close sound wave, the flow of the catalyst substance of a fluid or all the 
dipping of a subject must be used, but this is nonpermissible for a substantial reason in many 
cases. In addition to the problem of a process, this art is not helpful in order to examine a large 
subject and a complicated subject. Typically, in order to perform a several square meters 
mechanical scanning, it takes several hours. The scanning system for complicated parts is 
complicated, and geometrically expensive. 

[0007]It can be used for a complicated shape dimension and the uneven heated surface, 
positioning of the crack within a subject and measurement of a size can be performed correctly, 
it automates, and it is objective unsteady thermography depth imaging technology that it is 
required of this art. 



MEANS 

[Means for Solving the ProblemJThis invention relates to nondestructive test art of positioning a 
crack within a subject, and its device. This device consists of a heater which heats the surface of 
a subject, a recorder which records intensity of each pixel of the heated surface, a means to 
determine contrast of a pixel from surface intensity, and a means to determine a size and a 
position of a crack within a subject based on contrast of a pixel. 

[0009]A process at which this method heats the surface of a subject, and a process of recording a 
continuous thermal image of each surface resolving element over predetermined time, A process 
of determining contrast of each resolving element (pixel) about each surface continuous thermal 
image by determining average pixel intensity of the thermal image, and deducting average pixel 
intensity from intensity of each pixel. It consists of a process of determining a position of a crack 
within a subject based on contrast of a pixel. 

[ 0010 ] 

[Embodiment of the InventionlThis invention relates to the automatic non-destructive test 



method which determines the size and position of a crack within a subject using unsteady 
thermography analytical skills. This method is the method of using time-temperature data, in 
order to detect the crack within a subject objective by supervising change of the skin temperature 
of the heated thing to time, heats the surface of a subject and consists of supervising the thermal 
time constant about each pixel of the surface of a subject. In this application specification, a pixel 
is a picture element of the rectangle under picture arrangement, and a resolving element is a field 
of the rectangle of the surface of the subject corresponding to one pixel. 

[001 l]The device used in order to heat the surface of a subject can heat the surface to sufficient 
temperature, in order to enable thermography surveillance. Typically, a thin subject, for example, 
the subject of the thickness below about 0.125 inch (0.57 mm), only needs heating of the 
minimum with a low temperature of about 1 ** as much as possible at the temperature of about 5 
** or less. On the other hand, a thick subject needs heating of a quite high temperature, for 
example, needs about 20 ** heating in a 0.5-inch thick subject. A color and the element of the 
surface containing emissivity are also important for the determination of the grade which heats a 
subject, and the heating maximum of the temperature which damages neither a subject nor its 
surface by a physical property is specified. 

[0012]In order to determine the position and size of a crack correctly, the surface of a subject is 
heated to a desired temperature in time short enough, and the remaining portion of a subject must 
be made not to be heated. Typically, although heating takes place with what [ for 1 second / 1/] 
with a thin material, it takes for several minutes with a flash plate with a thicker or large 
material. If heat invades into a subject, the flaw detecting accuracy near the surface of a subject 
will fall. For example, although the composite article of a 0.125-inch-thick graphite fiber and 
polymer can be heated in several milliseconds by the four MW thermal pulse from a flash lamp, 
By the 2-kW thermal pulse from a quartz mercury lamp, a 0.5-inch-thick subject does not have 
for several seconds, and must be heated for several minutes. Other possible heating methods 
include use, such as other conventional heating methods in which microwave, laser, and hot and 
high-speed heating are possible. 

[0013]If the surface of a subject is heated, an infrared video camera will record and memorize 
the continuous thermal image of the surface of a subject, and will record each of that pixel. It 
depends for the number of the pictures recorded on the resolution of a request of a thermal image 
produced as a result, the speed of a camera, and the damping time constant of a specific subject 
(see the following). Although one thermal image can be formed using about ten pictures, 
sufficient resolution can be typically provided by about 25 pictures, and the good resolution of a 
thermal image can be provided by about 100 pictures. Generally with the present video art, about 
500 or less pictures can be acquired, and about 25 or more pictures are preferred. 

[00 14] When arranging heating apparatus and a video camera to the same subject &ide, damping 
time constant taUc used in order to specify the time for obtaining a thermal image is obtained 
fi'om the formula 4. Here, the depth is the thickness of a subject. 

[0015] 

[Equation 7]tauc=4L’/(pi"kappa) — (1) 



However, when the thermal-diffiisivity 1= depth camera and heater of a tauc= "peculiar" damping 
time constant kappa= subject have been arranged to the opposite hand of a subject, the 
coefficient 4 is omitted from (1) type. The time used in order that the inside of a subject may 
obtain a thermal image to a thermal balance after about 5 specific time constants by that of ** 
which is ** is typically equal to damping time constant tauc of about 3 thru/'or about 5, or the 
damping time constant beyond it. 

[0016]The high-speed focal plane array camera or same device with a camera temperature 
sensitivity of at least about 0.01 ** thru/or about 0.02 ** of a video device is preferred from at 
least about 60 frames per second at the frame rate beyond about 250 or less frames per second or 
it. The minimum allowable resolution has the typically preferred resolution of 128x128 or more 
pixels depending on the solution resolution of a request of a final image print. 

[0017]The thermal image memorized in order to determine the contrast of each pixel by 
deducting the intensity (a) of each pixel [ in / for the average pixel intensity (b) of the picture (a 
butterfly and a point when good) / a point when just right ] is used. Next, this contrast is plotted 
to time about each pixel (refer to drawing 2) . As for the contrast of the portion of a crack, when 
the picture is acquired with a video camera, the number of pictures reaches a peak. If it may 
become a peak, the depth of a crack can be determined and the approximate value of the depth 
will be acquired by (2) types. 

[0018] 

[Equation 8]l=root (kappataUpeak/3) — (2) 

However, the "thermal-diffusivity (2)" type of the medium measured by 1= depth tauc= "peculiar" 
damping time constant kappa=cgs unit cm^/sec. It is useful especially when it is a crack of 
"penetration heat" in which heat does not flow around a crack with the thickness of a crack (see 
the crack of the "penetration heat" of drawing 3 A to the crack of the "side heat" of drawing 3 B). 
[0019]However, when the diffusion rate of the surrounding heat of a crack is quicker than the 
diffusion rate of the heat which penetrates a crack (drawing 3 Bk the peak of contrast does not 
appear in the graph of the contrast of a pixel clearly (drawing 41 . Therefore, in order to determine 
the peak of differentiation contrast, a contrast curve is differentiated from time. The depth of the 
crack of "side heat" can be determined from the time of a peak using the following formulas 6. 
[ 0020 ] 

[Equation 9]The "thermal diffiisivity" of the medium measured by inflection time kappa=cgs unit 
cm^/sec of the l=0.524piroot(kappatauj) tauc=1.10taui, however 1= depth tauc= "peculiar" 
damping time constant taui= differentiation peak 

The accuracy of example this invention was specified using the subject which has a series of flat 
cracks arranged carefully. As shown in drawing 6. and 6A, 6B and 6C, the cracks 1, 2, 3, 4, and 
5 have 22 same mm in diameter, and 1.3 mm, 1.6 mm, 1.9 mm, 2.2 mifr, and 2.5 mm differ from 
the depth, respectively. The cracks 6, 7, 8, 9, 10, and 1 1 have same depth of 1.3 mm, and have a 
different diameter of 22 mm, 16.5 mm, 1 1 mm, 8.25 mm, 5.5 mm, and 2.75 mm, respectively. 

The cracks 12, 13, and 14 have 33 same mm in diameter, and 1.3 mm, 1.9 mm, and 2.5 mm 
differ from the depth, respectively. 



[0021]The test parameter is as follows. (1) Each image frame consists of a NxN (it corresponds 
to resolving element of the surface of subject) pixel in case N is 256, (2) Typically, several Z of 
the image frame of the range of 1 thru/'or 200 is [ 128 / N= ] 100 about 1 thru/'or 400, and N= 
256, and (3) each pixel occupies 2 bytes of memory storage, and is shown by 12 numbers of bits 
from 0 to 4095 which shows thermal radiation intensity. 

[0022]A subject was heated for 0.010 second at about 5 ** by the four MW thermal pulse from a 
flash lamp. A high-speed focal plane array camera which operates it for about 25 seconds and 
has the resolution of a pixel of 256x256 after heating was used, intensity of each resolving 
element was recorded, and 12 bits showed each pixel. A user's parameter was determined and it 
put into a system. The system is provided with the following. 

A start-up frame number for using it for analysis (a frame taken before the surface was heated 
was omitted). 

Squelch constant. 

Noise suppression (a position of a pixel whose absolute value of what lengthened a starting value 
or the last value from a peak of a contrast curve is smaller than this constant is thrown away). 
Field of view (it is the distance from an infrared camera to a subject, and scaling is permitted, 
therefore determination of an exact size is permitted). 

A twice [ fixed contrast gain ] as many difference as average value of a pixel and a pixel was 
used for contrast of each pixel, and it determined it about average pixel intensity of the whole 
picture. This operation followed each pixel of each image frame which generates a contrast curve 
of a lot. Next, 6 point-lead method was used and a differential coefficient of each contrast curve 
was determined. Information on a peak of differentiation contrast was memorized by controlling 
this information about a position of a pixel which shows storage, low contrast, or a noise for the 
number of image frames which generates a peak of each differentiation contrast curve. Next, the 
depth of a crack was determined using a position of an image frame which a peak of 
differentiation contrast produces. The depth of these cracks was visually shown using an 
intensity color spectrum as shown in drawing 7 . A number of a crack shown in drawing 7 . 
drawing 8 . and drawing 9 is in agreement with a number of drawing 6 in which a crack detected 
by drawing 7 . drawing 8. and drawing 9 is shown. 

[0023]An image print of a crack was generated by assigning the number of peak frames 
memorized about each pixel to one of the colors in 16 color palettes shown in right-hand side of 
drawing 7 . drawing 8 . and drawing 9 . This divided a total (16) of a color by a frame total (100), 
and performed it by applying the number of peak frames about a predetermined pixel. Next, this 
number was rounded off to an integral index, and it put into a color palette which chooses one of 
the 1 6 colors which can display this pixel. This process was repeated about all the picture 
element positions of a picture. This picture was made still bettfer using four intensity levels of 
each color shown in the right from the left of a color palette of drawing 7 . drawing 8 . and 
drawing 9 . A maximum peak corresponds to the highest intensity (level 1) of a predetermined 
color, and the minimum peak corresponds to the minimum intensity (level 4) of a predetermined 
color (see drawing 7. drawing 8. and drawing 9) . 



[0024]By contrast, drawing 8 shows an image print by this invention which shows the 
conventional imaging technology depending on a snapshot of a strong profile. Since all the 
cracks were clear so that clearly from this drawing 8. when just right, a "snapshot" was taken on 
a good point. However, most cracks seem to arrange in the same depth. Therefore, the depth 
exact about which crack cannot be determined. It is difficult for the crack 1 1 to only look small 
and to specify as one crack. 

r0025] Drawing 9 is an image print which uses the conventional unsteady thermography, and 
provides information which gets confused similarly. In this figure, it seems that an edge of a 
crack is shallower than the central part of a crack. Therefore, although a crack is flat, it looks like 
a concave surface. The depth of a crack cannot be determined correctly. 

[0026]This invention provides many advantages compared with the conventional nondestructive 
test. That is, a personal error is removed substantially, positioning capability of a crack is 
provided, and a picture is simplified. The conventional process had only detected existence of a 
crack depending on surface single "snapshot", i.e., a personal error, depending on an operator 
which looks at many pictures. Although the depth and a size of a crack can be correctly 
determined in this invention, the depth is correctly undetectable in a conventional method. 
[0027]According to this invention, as explained above, it can be used for a complicated shape 
dimension and the uneven heated surface, and positioning of a crack within a subject and 
measurement of a size can be performed correctly, it can automate and an objective method is 
provided. 

[0028JA system concerning this invention which positions a crack within a subject, A heater 
which heats the surface of a subject, and a recorder which records intensity of each pixel on the 
heated surface. It consists of a means to determine contrast of a pixel from intensity of a pixel, 
and a means to determine a size and a position of a crack within a subject based on contrast of a 
pixel. Contrast of each pixel is supervised about a continuous thermal image, and a position of a 
crack within a subject is determined using contrast of these pixels. A crack in the surface of a 
subject and the bottom of it is drawn on an image print of a color spectrum relevant to [ which 
have a specific color / the depth of a crack and mutual ]. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a graph which shows the intensity (temperature) to the time about each pixel (a) 
to average pixel intensity (b). 

[Drawing 2] It is a graph which shows the contrast of the pixel to the time about the pixel of 
drawing 1 . and the peak of contrast is shown. 

[Drawing 31Drawing 3 (A) is a sectional view of the.subject in which the film exfoliation which 
is an example of "the crack of penetration heat" which permits a penetration heat flow is shown. 
Drawing 3 (B) is a sectional view of the subject in which the thick layer exfoliation which is an 
example of "the crack of side heat" which mainly needs a lateral heat flow is shown. 

' Draw ing 41 It is a graph which shows the contrast of the pixel to the time about each pixel which 
..i-.-Ci not have a peak of contrast for "the crack of side heat." 



[Drawing 51 In order to show the peak of the differentiation contrast of "the crack of side heat" 
from drawing 4. it is a graph which shows the differentiation pixel contrast over time about each 
pixel. 

[Drawing 61Drawing 6 (O). drawing 6 (A), drawing 6 fB). and drawing 6 fC) are the figures 
showing the relative size of the specimen shown in drawing 7 . drawing 8 , and drawing 9, and its 
crack. 

[Drawing 71 It is an explanatory view of the image print in which the intensity of a pixel is shown 
using the thermography art of this invention. 

[Drawing 81 It is an explanatory view of the image print of this invention in which the intensity of 
a pixel is shown using the conventional imaging technology. 

[Drawing 91 It is an explanatory view of the image print of this invention in which the intensity of 
the pixel which shows temperature using the conventional unsteady thermography is shown. 
[Description of Notations] 

1-14 -- Crack 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 
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[57] ABSTRACT 

The present invention relates to transient depth thoroogra- 
phy; a nondestructive testing technique and system for 
locating flaws within an olqcct The system, which com- 
prises a heater for heating the surface of the object; a 
recorder few recording pixel intensity for each pixel on the 
heated surface; a means for determining pixel contrast from 
the pixel intensity; and a means few determining the size and 
location of flaws wittiin the object based upon the pixel 
contrast; monitews each pixels’ contrast few successive ther- 
mal Images and utilizes those pixel contrasts determining the 
location of a flaw within fte object The object surface and 
the respective underiying flaws can flien be depicted on a 
color spcctnim image print which conrelates the flaw depth 
with a particular colew. 

14 Chums, 4 Drawing Sheets 
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NONDESTRUCTIVE TESTING: TRANSIENT 
DEPTH THERMOGRAPHY 



TTCHNICAL FIELD 5 

The {H-esent invention rdates to nondestnictive testing, 
and especially relates to nondestructive testing of an object 
to determine the depth and lateral position of subsurface 
flaws using transient thermogriq^y and to an imaging tech- 
nique for displaying those flaws. 

BACKGROUND OF THE INVENTION 
The esdstence of a flaw within an object can be deter- 
mined by various techniques, including transient thermog- 15 
rajAy which relies upon the transfer of heat through m 
object over a period of time. One transient therroogr^ihic 
method comprises recording the temperature rise of each 
resolution element by ctpturlng a series of image arrays 
using an inftared camera while heating the surface, and X 
analyzing this temperature rise to identify if a transition to 
a linear temperature increase venus the square root of the 
heating time, occurs. This linear temperature increase indi- 
cates flte existence of a flaw within the object. This deter- 
mination is difficult as is and becomes more difficult with 25 
complex geometries and uneven heating. 

Conventional transient thermography comprises analyz- 
ing individual infrared images, “snap-shots”, of an objeri’s 
previously heated surface as a function of time. Subsurface 
flaws are identified by “hot spots” in the image which emit “ 
greater intensity inftared radiation due to the heat’s inability 
to disperse through flie flaw. One problem with fliis con- 
ventional process is that flic transient thermogrphic analysis 
is reduced to choosing a single snap-shot in tune. The choice 
erf which snap-shot to analyze is critical, and the best choice ” 
is based on many factors which cannot be controlled and are 
unknowns, such as depth and size of the flaw. If die incorrect 
snp-shot is chosen, flaws revealed on a previous or subse- 
quent snap-sh<rfs. may not be detected. ^ 

To averid the use of a snap-shot, an inspectesr watdies a 
video replay erf the rcccwded images and visually identifies 
bright spots indicative of flaws. The problem with this 
pprngfh is that it is not reaxtily automated, is highly 
operatOT dependent, is not readily applied to complex geom- 

etiies or unevenly heated surfaces, and although a flaw may 
be detected with this apfsoaefa. flie actual depth and lateral 
position (hereinafter location) or size of the flaw cannot be 
accurately determined. 

Conventionally, flaws are located through ultrasonic test- jq 
ing of the object. Essentially the object is struck with 
ultrasonic waves which penetrate the surface and are 
reflected by a flaw(s) within the object. Based upon the time 
required to receive a reflected wave, the location of the flaw 
can be determined. 55 

Ultrasonic luting enploys mechanical scanning with a 
transducer over the entire surface, with intimiate sonic con- 
tact required. In order to allow intimate sonic oontact. a 
stream of liquid couplant <ar total immersion of the object 
must be used; however, this is often unacceptable fw mate- go 
rial reasons. In addition to fxocess proMems. this technique 
is inefficient for testing lai^e and/or conplex objects. 
M^hanical stamuag of 1 few s<pas metm typfcally takes 
touri. FmOmnm, mmmmg syaam for gewnettically 

pmts w ctmfrfex mi expensive. ss 

II aceced in !lte art is an 

depfli im^iag teduii(|Be whkh can 
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be enployed with complex geometries and unevenly heated 
surfaces to accurately locate and size flaws within an object 

SUMMARY OF THE INVENTION 

The present invention relates to a nondestructive testing 
technique and apparatus for locating flaws within an object 
The apparatus conqxises: a heater fex heating the surface of 
the object; a recorder for recording intensity for cadi pixel 
of said heated surface; a means for determining i»xel 
* contrast from the surface intensity; and a means for deter- 
mining the size and location of flaws within the object based 
upon the pixel contrast 

The method comprises the steps of: heating flie surface of 
the object; recording successive thermal images of e«:h 
resolution dement (rf the surface over a period of time; 
determining each resolution element's (pixel’s) contrast for 
each successive thermal image of the surface by determining 
the mean pixel intensity fer that thermal image and sub- 
tracting said mean pixel intensity firom the individual pixel’s 
intensity; and determining the location erf the flaw within the 
object based upon the pixel contrast 

BRIEF DESCRDTION OF THE DRAWINGS 

The file of this patent contains three drawings executed in 
color. Copies of this patent with color drawings will be 
provided by the Patent and Trademark Office upon request 
and payment of the necessary fee. 

FIG. 1 is a graph of flie intensity (temperature) versus 
timf. for an individual pixd (a) versus the mean pixel 
intensity (b). 

FIG. 2 is a gra|rfi of flie pixel contrast versus time for flie 
pixels of FIG. 1 to show the contrast peak. 

FIG. 3A is a cross-sectional view of an object revealing a 
thin delamination which is an example erf a “through beat 
flaw” which allows through heat flow. 

FIG. 3B is a aoss-sectional view of an object revealing a 
thick delamination wliidi is an exanqile of a ‘lateral beat 
flaw” which requires mostly lateral heat flow. 

FIG. 4 is a grqih of the pixel contrast versus time for an 
individual pixel where there is no contrast peak due to the 
type of flaw; a “lateral heat flaw". 

no. 5 is a graph of the derivative pixel contrast versus 
time for an individual pixel to show the derivative contrast 
peak for the ‘lateral heat flaw” from FIG. 4. 

FIGS. 6. 6A. 6B, and 6C illustrate the test spectmen and 
its relative dimensions for the flaws revealed in FIGS. 7. 8. 
and 9. 

FIG. 7 is an image print of pixel intensity using the 
thermogr^rfuc technique of the present invention. 

FIG. 8 is a present invention image print of pixel intensity 
using a {xior art imaging technique. 

FIG. 9 is a present invention image print of pixel intensity 
representing temperature using prior art transient thermog- 
rai*y. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention is an airfcxiiated nonderinictive 
testing method which enqrfoys a transient thermogra(rfuc 
anriysis tedmique to dctemtiac ±c size tad iocatios of 
flaws In m object. This i-uen areffraoi'. 

lime-ttsBqs^mee data to oijsctiveif atmts -r- tr 

c*j<K* by mwitotiBg swfice lea^xrarMF :t j 

heated ov« time c»iBprise«: is o*a-> » 
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second <x greater and a camera ten^ro'^uie sensitivity at 
least about 0.01° C. to about 0.02° C. The minimal accept- 
able resolution is dependent upon tte desired resolution of 
the final image {xint, with a resolution of 128x 128 <x- greater 
pixels typically ptefetrcd. 

The stored thermal images are used to determine each 
pixel’s contrast by subtracting the mean pixel intensity for 
that image (point in time) (b) from the individual pixel’s 
intensity (a) at that point in time. The contrast is then plotted 
versus time for each pixel, (see FIG. 2) The contrast over the 
flaw site peaks at a time which ctwresptmds to when the 
image was taken by the video camera, the image number. 
Given the time at which a peak occurs, the depth of the flaw 
can be determined; a depth qiproximation is given by 



surface and monitoring the thermal tinae constants for e»dt 
pixel of the surface of the object In the context of the 
present invention, a pixel is a rectangular picture element in 
an image array, while resolution element is a rectangular 
area of the surfaa: of the object corresponding to a single 
pixei 

The device utilized to heat ttte object surface should be 
capable of heating the surface to a sufficient temperature to 
allow thermogn^c monitoring. Typically, thin objects. e.g. 
a thickness erf rfwut 0.125 iiadies (0.57 mm) w less, only 
require minimal heating, about 5° C or less, with as little as 
about r C. possible. Meanwhile, thick objects may require 
significantly greater heating, e.g. about 20° C. for a 0.5 inch 
thick object. The surface factors, including coIot and 
emissivity. are also in^tortaik in detennining ttie degree to is Equation 2: 
heat (he object, while the physical properties establish the 
Ufper heating limit at a tenyjeratirre which will not damage 
the object and/or fee object’s surface. 

In order to accurately locate and determine the size of a 
flaw, fee object surface should be heated to the desired ^ 
temperature in a sufficiently short period of time so as to * = Uk tlwinai diifbavity’’ i 
inhibit heating of fee remainda of fee object Typically 

heating occurs in a fraction of a second for thin materials Equation 2 is particularly useful where the flaw’s thickness 

wife up to a few minutes for thicker or larger materials; in does not force fee heat to flow around the flaw; a ‘Through 

a flash. If the heat penetrates fee object the accuracy of flaw » ^ •‘through heat” flaw versus FIG. 

detection near fee object surface decreases. For exanq>Ie. a 33, 3 “kte^ heat” flaw). 

0. 125 thick gr^tc fiber and polymer conqxwite can be ^ere. however, fee rate of diflfusion of fee heat is fastCT 

heated f<M- a few milliseconds wife a 4 megawatt heat pulse around fee flaw than through the flaw (FIG. 3B). the contrast 

from a flashlamp. while a 0.5 inch thick object should be peak is not evident from fee graph of the pixel contrast (FK3. 

heated for several seconds or even minutes wife a 2 kilowatt ^ 4), Consequentiy. the time dwivativc of the contrast curve is 
heat pulse from a quartz lan^). Other possible heating taken in orda- to drtomine the derivative contrast peak, 

methods include the use of microwaves, lasers, and other Depth of fee “lateral heat” flaw can be determined from the 

conventional heating means capable of high tenqwature. peak time using fee following Equation 3: 

high speed heating. 

Once fee olyect’s surface is heated, an infrared video t=0J24»'Tirr 

camera records and stores successive thermal images of the 
objects surface, receding each pixel thereof. The number of where 
images recorded depends upon the desired resolution of fee 

resulting feemial image, the qieed of fee camera, and fee _ 1 toi^ 

time constant f» the particular object (see below). About 10 ^ ' 
images can be used to establish a thermal image, while about 
25 images typically provides adequate resolution, and about 
100 images establishes good resolution of fee thermal 
image. Generally, up to about 500 images can be obtained at 
fee current state of video technology, wife above about 25 

EXAMPLE 

The accuracy of fee pesent invention was estaUisbed 
using an object having a series of carefully placed flat flaws. 
Referring to FIGS. i. 6A. dB. and <C. flaws 1. 2. 3. 4. and 
5 had fee same diameter. 22 millimeters (mm), wife varying 
depths, 1.3 mm. 1.6 mm. 1.9 mm. 2.2 mm, and 2.5 mm. 
respectively. Flaws 6, 7, 8, 9. 18 and 11 had fee same depth, 
U mnu wife varying diameters 22 mm. 16.5 mm. 11 mm. 
8.25 mm. 5.5 mm. and 2.75 mm. respectively. Flaws 12. 13, 
and 14 had fee same diameter. 33 mm. wife varying dq>fe. 
ic = ttemil difluBviiy br die object 1.3 mm. 1.9 mm. and 2.5 mm. reqxsctivdy. 

/ = dqjth The testpaiametm were as follows: (1) each image flume 

When the caiaeta and the l»atcr are locrfed on opposite consisted of NxN pixels (which corespoods to a resolution 

siites of fee crfjject the factor «rf 4 is droiped fixtm Equation 60 element on fee object surface) where N was 256; (2) the 

1. Since thennrf equililKium is adiieved within an object number of image frames. Z. whidi typically ranges from I 

after qifffoximately 5 charactoistic constants, fee fe “IflO for N=128, and 1 to 200 for N=256, was 100; (3) each 

poiod of time used to take the thermal images a ^ically pixel occu{Med 2 bytes of storage and was represented by a 

to Mboot 3 to ibovt 5 time constaate. w nuxs, 12-IA Mimber from 0 to 4095, ■srijidi ixprsseMs Bis theniiM 

TTie vMm demex k prefoairfy a speed focri jiaae es intena^. 

mmf ciawi. tr tmMm device, wife a frame tme «rf at 1^^ Tlie dgeO. wm heated tbmd 5“ C. wife a 4 megawatt he* 

•-■V * laoei, per se«Md up to ab«» 2S0 ftame* jter pulse frc*a*flaAla^ for 0.010 iwwads. Once l»aie4.e«cli 




When fee heating device and video camera are located on 
the same side of the object, fee time constant, t,, used to 
estaUish the period of time for taking the feermal im^es, is 
obtained from Equation 1, where fee depth is the thickness 
of fee object 

(i) 

5S 
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resolution elemeiit intensity was rec«ded using a higjj speed 
focal plane array camera with a 256x256 pxel resolution 
operated for about 25 seconds, with each pixel represented 
by 12 bits. User parameten were determined and entered 
into the system. Including: starting frame number to use for j 
analysis (frame taken before die surface is heated are 
omitted); squelch constant; noise suppession (discards pixel 
locations whose absolute value of the peak minus the start or 
end value of the contrast curve is less titan this constant); 
field of view (distance from the infrared camera to Ae 
object; allows scaling and therefore accurate size 
determination). The contrast of each pixel was determined 
with respect to the mean pixel intensi^ for the entire image 
nding the difference between the pixel and the pixel mean 

times a fixed contrast gain. This qjOTtion was perfearoed for 

each pixel on each image frame, producing a set of contrast 
curves. The deivativc ctf each contrast curve was then 
detennined using a 6-point difference method. Derivative 
contrast peak infatmation was stored by saving the image 
franto nunober which produced tite peak for eati derivative 
contrast curve, or suppressing this infwmatioo for pixel 20 
locations that exhibited low contiast or noise. The image 
frame location where the derivative contrast peak occurred 
was then used to detomine the depth of tiie flaws which was 
shown visually using an intensity color spectrum as shown 
in no. 7. Note, the numbering of flaws shown in FIGS. 7. 25 
8. and 9 is consistent with the number set fcath in PIG. 6 
which reveals the flaws detected in FIGS. 7. 8, and 9. 

The image print of tiic flaws was produced by assigning 
the stored peak frame numbers for each pixel to one of the 
colors in the 16 color palette shown on the right side of 3^, 
FIGS. 7. 8, and 9. This was done by taking the total number 
<rf colors (16) divided by the total number of frames (100) 
and then multiplying tiiis by the peak frame number for the 
given pixel. This number was then rounded to an integer 
index into the color palette whidi selecu one of the 16 
possible colors for displaying this plxeL This prr^ss U then 
repeated for aU of the pixel locations in the image. The 
image is further enhanced by using 4 intensity levels for 
each color, shown going from left to right on the color 
palette in FIGS. 7. 8 and 9. The largest pesis correspond to 
the highest intensity (level 1) of a pven color and flie « 
smallest peaks correspond to the lowest intensity (level 4) of 
a given color, (see FIGS. 7. 8 and 9) 

FIG. 8. in contrast, is an image print firom the present 
invention depicting a prior art imai^g technique which 
relies upon a snap-riiot of the intensity profile. As is clear 45 
fr«n tills HG. 8, the “sn^shot” was taken at a good point 
in time since all of tiie flaws are revealed. However, the 

majority <rf file flaws appear to be located at the same depth. 

Consequently. oi» can not determine the actual depth of any 
of the flaws. FurthernKae. flaw 11 is only barely visible and » 
difficult to identify as a flaw. 

FIG. 9, whidi is also an image print using prior art 
transient thermography, similarly proses confusing infor- 
mation. In this flgutc tiie edges the flaws appear shallower 
than the center of the flaws. Consequently, although the 55 
flaws are flat tfwy appear concave. Again, the <fcplh <rf the 
flaws cannot be accurately determined. 

The faesent invention |»ovides numaous advantages 
over prior art non-destructive testing imrluding: virtu^ 
eUminating human «rw, providing the ability to locate a 60 
flaw, and Amplifying the ima^. The conventional pier art 
process relied upon an qwator viewing numerous images or 
fclied upon a sli^e “snap <rf the airface, ie. htonan 
aiw. Bwely detected the existeiice of a flaw. The pceseat 
imvmmm aMowi for tcasme ^iBxmMmkrn iaw a 
a«4 Mie. wheeM the prix ist cmW not wwve iqxh 



We claim: 

1. A metiiod for detectli^ flaws in an object having a 
surface, said surface divided into an array of resolution 
elements, conprising the steps of: 

a. hearing the surface of the object; 

b. recording a plurality of thermal images of each reso- 
lution element on said heated surface over a period of 
time, wherein each of said recorded resolution elements 
ctaresponds to a pixel; 

c. determining individual pixel intensity for each of said 
pixels in each oi said thermal images; 

d. determining mean pixel intensity for each thcnnal 
image; 

e. obtaining pixel contrast for each of said pixels in each 
of said thermal images subtracting said mean pixel 
intensity from said individual pixel’s intensity; and 

d. determining dq>tii of the flaw within the object based 
upon said pixel contrast 

2. A method as in claim 1 wherein the dqttti of the flaw 
is determined using the pixel contrast, obtaining the contrast 
peak, and thereby determining the location ctf the flaw using 
the following formula: 






wherein tp.^ is the peak time. 1 is the depth of the flaw, and 
K is die thermal difiusivity ctf the object 

3. A method as in claim 1 wherein the depth of the flaw 
is determined by calculating the time derivative of the pixel 
contrast and obtaining the derivative contrast peak. 

4 . A method as in daim 3 wherein the d^th of the flaw 
is determined by using the following formula: 




wherein tp is the characteristic tiiM constant. 1 is the depth 
of the flaw, and k is tiie thermal difiusivity ctf the object 
5. A mcfliod as in daim 3 wherein the depth of the flaw 
is determined by using the following formula: 

i=«N7T 



wherein is the characteristic time constant. 1 is the depth 
of the flaw, and k is the thermal diffusivity of the <*ject 

6. Amethod as in claim 1 ftirtfaer comprising producing an 
image print of the object which uses a color spectmm to 
display the dqtfh and lateral position of the flaw. 

7. An apparatus for locating flaws in an object having a 
surface which can be visualized as an array of pixels, 
comprising: 

a. a heater for heating the surface of the object; 

b. a recorder for recording pixel intensity; 

c. a for ddermining pixel contrast from said pixel 
intensity; and 

d. a means for determining de{Mh and location of flaws 
within the object iMsed upon said pixel contrast. 

8 . An ^paiatus as in daim 7 wherein said heater is a flash 
lamp quartz blip, mtaowave devirte. or laser. 

9. An apfHratus as in claim 7 wtewia tte depth of 

flaw is from taM pixei coosrasf z f'jl 
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wherein t,.,,, is the peak tinue. 1 is the depth of the flaw, and 5 
K is the thCTial diffusivity of the object 

It. An ai^)ar^s as in daim 7 wherein the depth of each 
flaw is drtennined from a derivative of said jaxel contrast 
using the following fonnula: 




wherein is the characteristic time constant, 1 is the depth 
oi the flaw, and x is the thermal diffusivity of die object jj 

11. An ^iparatus as in claim 7 wherein fte depth of each 
flaw is detomincd from a derivative of said pixel contrast 
using the following formula; 

/=*Nnrr 
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12. An apparatus as in claim 7 further con^Jiising a nwans 
ft* fonning an ima^ pint which displays the depth and 
lateral position of the flaws using a color spectrum. 

13. An object flaw display, said object having a surface, 
said surface repcsenled by a plurality of resolution 
elements, comprising: 

a. a color spectrum, whereiB said spectrum ccwrelates to 
depth; 

b. a means f«- determining flaw depth below each reso- 
lution element of said object surface; and 

c. a means fex displaying the object surface with the flaws 
depicted by the color which correlates to the flaw’s 
depth. 

14. A method as in c laim 13 wherein said means for 
displaying displays the flaws on an image pint. 



wherein is the characteristic tinic constant, 1 is the depth 
of the flaw, and K is the thermal diffusivity of the object 




